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REPORT ON FEASIBILITY STUDY FOR THE
OPTICAL SYSTEM OF 700M STEREO COMPARATOR STAT

|:| Purchase Order No.16523) STAT
(Procurement Specification - 684-01C)

X

(1) Aperture requirements at different

magnifications

The Specification calls for a range of magnifications to

vary continuously from x10 to x200. At the high magnification

a linear resolving power of 1000 lines/m.m. is desired,.. This
determines the minimqm size of aperture for the high magnification
position.

Let N = number of lines per m.m., and put

s = 2

n sin o

N ¢D)

for the reduced spatial frequency corresponding to N. In (1)

‘A is the wavelength in question, n the refractive index of
the object space and « the angular radius of aperture of
pencils in the object space. The limit of resolution occurs when

€
s = 2, that is when the line-spacing, &‘o = -%— , has the value
~
)

go - 05 A\ 2

n sin o

which is the classical resolution limit.

For an'incoherently illuminated object, the contrast ren-
dition in the image is determined by the contrast transfer
function. For a perfectly corrected system, the contfast

transfer function, defined for -each spatial frequency s by

T (g) image contrast (3)

‘ object contrast

decreases monotonically to zero as s increases from O to 2,
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For s = 1, the value of T (s) = Out; and T (s) is zero at, and
sensibly zero near to, the limit of resolution s = 2. For this
reason, even with an excepﬁionally well-corrected system it is
desirable to use s = 1 as the working limit of resolution, rather
than s = 2.

For N = 1000 line-pairs per m.N., :\ = 0.5 and n =1,

the value s = 1 used in (1) gives

sin @ = 0.5 4)

which gives the numerical aperture necessary for resolution of 1000
lines/m.m. This is the resolution required‘at a magnification of
x200.

The magnification of a visual instrument is conventionally
taken to be the linear mmgnification between object and image when
the image is arranged to be viewed in focus at a distance of
250 m.m. from the observer. With M = 200, the observer thus sees
1000 lines/m.m. in the object as an image having 5 lines/m.m.
éppearing at a distance of 250 m.m. The width of each line is

thus. 0.1 m.m., which subtends an angle

= = 0,0004 radians (5)

This value of B, equal to 1,3 arc minutes, is almost at the limit
of‘viSual acuity of good observers under optimum conditions. This
conclusion is in accordance with experience in microscopy, where
the useful magnification is accepted to be of the order of 1000
times the numerical aperture., A value of sin ¢ = 0,20 would thus
normally be regarded as sufficient for a magnification M = 200.

A numerical aperture sin o = 0.5 has been used in the
present design study. Although this extends the performance
requirements, it has been felt that the added light grasp of such
a system will be a needed advantage with higher density film
observed with a complex optical system having inevitable light
losses.

-2 - ‘
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If the same considerations as above are applied to the low

magnification position, when M = gg% = 10, the humber of lines/

mem. corresponding to s = 1 and the numerical aperture are given

by
N o= 229 . 50 lines/m.m. (6)
20 Y
X 0.5
sina = S35 = 0,025 ‘ (7

The spatial frequency N = 50 1is less than that stipulated in the
specification, which calls for 80 lines/m.m. when M = 10, This
requirement does not seem to be compatiblé with the considerations
of visual acuity outlined above. This is one reason why the value
(6), namely N = 50 lines/m.m., has been adopted for the design
study. It may be noted that N = 80 lines/m.m. would correspond to
a reduced spatial frequency s = 1.6, which is still within the
resolved bandwidth of a system having sin o = 0,025,

Two further factors also indicated the use of the values (6)
and (7) in place of the requirement of the Specification. If a zoom
system is required to produce an image of constant size and level of
illumination, the product of -aperture and radius of object must
remain constant. Thus, for a zoom ratio of 20:1, the aperture must
reduce 20 times while the radius of field will increase 20 times.
The values of N and sin ¢ given in (6) and (7) are thus
consistent with (a) the resolution limit being a given fraction of
the overall image size, and (b) the level of illumination of the
image remaining constant during zooming. flu

L

A final, and important, point is that ng ormance based on

] P TN - A
1000 lines/m.m, at x200 amd 50 lines/m.m. at x10 is already very
exacting as regards optical design. TFor reasons discussed later
it is unlikely that even these figures can be achieved with the
theoretically possible contrast of 0.40 in the image. It should

be noted that contrast is defined here as the modulation of a

sine-wave of intensity. That is

-3
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(2)

contrast = Imax min R ¢:))

where I ‘and I . are the maxima and minima of intensity
max min

respectively.

Ranges of magnification, field sizes

and apertures

The Specification calls for a continuous range of magnifica=~

tions from x10 to x200. This can be achieved in one continuous
zoom, without switching, using the system described later in this
Report, .

The image presented to the eye is required to have an angular
size not less than 350. The radius of this image, when focused at

a distance of 250 m.m.,, is thus

!

M o5y = 250 x tan 17.5° = 78.8 me s (9)

In the design study the image radius has been chosen to be
/
N = 100 m.m. (10)

giving a 25% increase over the minimum acceptable value.
At magnifications of x200 and x10 respectively, (10) gives for

the radius of the object field:

0.5 meme (11)

M 00

It

(ﬂ)xlo 10.0 m.m. . (12)

Again these field sizes appear to be achievable with the system
studied,
In accordance with the arguments set out in Section (1) above,

the values of aperture chosen are:

(sin “)xzoo = 0,500 | (13)
(sin “)xlo = 0,025 (14)
-4 - N
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The pencils accepted from the object thus have relative aperture
decreasing from F/1 at M = 200 to F/20 at M = 10,

As the zoom is operated, the image radius ﬂ' remains constant

decreases . . .
while the object size 1T imexexsem, and the aperture size sin o

&&éﬁg&é&é, linearly with the overall magnification.

(3) General lay-out and function of
the proposed system

A block diagram of the arrangement proposed is shown in figure
1. The observing system comprises two identical trains of optical
units, one for each film viewed, which are brought together centrally
into a viewing head. To obtain an increase in light level for the
. images, separate lamps are proposed for the illumination of the left-
and right-hand films. From each lamp identical trains of optical
units are used for the illumination of each of the two films.

The overall dimensions and the approximate sizes of the indi-
vidual units are indicated in figure 1, which has a scale of 1l:k,

Each observing system will first be analysed. An objective and
prismatic type variable anamorphotic system are. arranged with their
axes vertical. The anamorphotic system has to work in collimated
light, and for this reason the objective is arranged to have the
film in its focal plane, The objective forms an image of the film
at infinity, and focusing of the whole system must be achieved by

- Y
vertical adjustment of the objective, , | ‘ﬂﬂ*%urﬁw“

The anamorphotic system gives a lateral é&splacement of the
optical axis, of varying amount up to aboﬁgwl“rﬁepending on the value
of the anamorphotic ratio used at any par%icﬁiar time. The anamorph
.has been arranged with its axis vertical in order to facilitate
different choices of azimuth for the anamorphotic axes.

Between the objective and anamorph is a beam-splitter which is
the injection point for the reticle image. The question of the
angular size of the reticle is taken up later. The objective, beam-
splitter and reticle injection system must form a rigid integral unit
in order to maintain accurate positioning of the reticle relative to

the scene on the?film. However, this unit must have its axis

-5 -
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coincidént, but not with very high precision, with the entering
axis of the anamorph. This latter may take up a variety of
positions within a circle of about 1" radius, depending on the
anamorphotic ratio and its azimuth. For this reason the objective/
beam-splitter/reticle injection assembly must be capable of appro-
priate latéral displacements in a horizontal plane, so that, under
any given conditions, the axis of this assembly coincides with the
entering axis of the anamorph. If, in changing the anamorphotic
ratio or its azimuth, it is desirable to keep to same part of the
~film in the field of view, the same movements have to be communicated
to the table carrying the film.

The objective requires a focal length of 2 inches. It has to be
such that it gives well-corrected images with apertures and field
sizes varying continuously, as the zoom operates, between F/1l.0 and
N = 0.5 mem. and ¥/20,0 and 1 = 10,0 m¢m., It has only been'possible
to glance at the design problem hefe, but it seems within reach.

The anamorph system, shown in figure 2, is that of the Rank
Taylor Hobson British Patent No., 765,775. This particular example
covers an anamorphotic fange of 1.31:1.96, but we are assured by
their chief designer that this particular construction would work
over the required range of 1:2., In accordance with the agreement
reached, no attempt has been made to design such a unit beyond noting
its space and optical requirements. It may be useful to note that,
given the facility of varying the azimuth that has been provided,
the effective overall anamorphotic ratio could be made 1l:4 merely
by using the system successively at its extreme position in azimuths
at right angles. Alternatively this could be used to limit the
range of anamorphotic ratios with the anamorph in any one azimuth.

A detailed study of the optics for the reticle injection system
has not been made. This question is dealt with later in a separate
section.

Above the anamorph, the optical axis is reflected along a

horizontal path, where it first enters the front matching system.

-6 -
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The function of this is to 'match' the image and exit pupil
positions of the anamorph and objective units to the following
zoon system, In particular, to avoid impractically large diameters
for the anamorph, it is necessary that extra-axial pencils in the
low magnification position should cross the axis at, or near, the
centre of the anamorph., Also the light between the anamorph and
the zoom system must be collimated, with the image in thatrspace
formed at infinity. On the other hand these would be impractical
positions for the object and entrance pupil for the zoom system.
The front matching system is designed to accept the image and exit
pupil positions needed by the‘anamorph, and to produce an image
and exit pupil in the positions needed by the following zoom system.
The techniques used in designing such matching systems have been
deﬁcribed in 1961 (H.H, Hopkins, 'The Gaussian Optics of Multi-lens
Systems', London Conference‘on Optical Instruments, Chapman and
Hall, 1961). The requirements of the front matching system seem to
be satisfied using a 2-lens system, that is two compound components
‘separated by a distance of 9 inches. The equivalent focal lengths
of these components need to be 5 inches #nd 16 inches respectively.
The relative apertures and field sizes at which‘each of these com=
ponents have to work are such that they are well within the capacity
of an experienced lens designer to achieve. The equivalent focal
length of the front matching system is 6.4 inches. The combined
magnification of the objective and front matching system is thus
~ 3.2, where the négative sign denotes that the image is invefted.
The zoom system works with magnification continuously variable
between - /20 and - l{fﬁfﬁ This gives an overall zoom range of
1:20, although a range.of 1:21 has been used in the design study
to embody a safety factor. The combined magnification of the
objective, matching system and zoom varies during operation of the
zoom from + 0.69 to + 14,7, The design of the zoom system has .
constituted the kernel of the feasability study, and this has been

carried to the point of showing that the desired zoom ratio can be

-7 -
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achieved in a continuous range with good image quality. The zoom
has been deéigned to work with a fixed exit pupil position, a
requirement following from the need to have a fixed exit-pupil, or
eye-point, for the observer. In consequence the entrance pupil

for the zoom varies in ?osition, and as a result so do the pupil
positions for the preceding optical units, including the illumina-~
ting system. This leads to some froblems, but ones which it seems
practicable to solve at the detailed design stage. On the‘other
hand it may be possible to apply somé of the recent results emerging
from the basic research programme at W. Watson & Sons on zoom systems,
and thereby ease the problems arising from the wandering of the
entrance pupil positions during zooming, However; in the context

of the present feasability study, it has had to be considered

o

sufficient to establish thaf the problem is solvable rather than to
seek really optimum solutions for each item, which would clearly
demand far more time and effort than would be appropriate at this
stage.

The zoom system adopted is that of the Hopkins-Watson British
Patent No. 760,588, The mechanical movements are of a simple kind,
and very large zoom ratios are possible. Details of this aspect of
the design study are given'in a later section.

Folloﬁing the zoom system is a rear matching system, whose
function is to pick up the image and exit pupil of the zoom and relay
them to positions suitable for the viewing head. The rear matching
system was designed using the same techniques as for the front
matching system, and again only the equivalent focal lengths and the
separation of the two elements have been determined. These are focal
lengths of 7 inches and 5 inches respectively, separated by a distance
10 inches. Again the relative apeftures and fields of each of the
two components are such that their detailed design would be of a
routine nature,

The rear-matching system produces a real image of the exit pupil

of the zoom system at a short distance from the last surface of the
-8 -
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matching system. A fixed aperture stop will be placed in this
position. The diameter of this stopsrequires to be 20 m.m.
Another requirement imposed on this matching system was to produce
a real image of)the object also 20 m.m. in diameter at a distance
of 400 m.m. from the exit pupil. Thus, between the apefture stop
and this image, all the image-forming pencils lie exactly within
a cylinder of 20 m.m. diameter and extending for a distance of
400 m.m. along the optical axis. This condition was imposed to
facilitate the design of the image rotating prism and the viewing
head.

The product of the magnifications produced by the objective and
front matching system, the zoom system and the rear matching system
(this latter having a magnification of - 1.4) varies from x ( - 0.97)
to x ( - 20.6) as the zoom is operated. The use of x10 eyepieces
will thus easily give the desired range of x10 to x200.

Beyond the aperture stop is a conventional K-type of image
rotating prism, which is capable of giving image rotations of 3600.
The size of this prism is indicated in figure 1. The K-prism gives
three reflections of the light traversing it, which together with the
reflection between the anamorph and front matching system means that
the image produced after the image rotating prism will be rotated to
any desi;ed orientation, but it will not be a mirror image, having
experienced an even number of reflections. To avoid mirror images,

therefore, the viewing head must have an even number of reflections, ’

The viewing head is shown in diagrammatic plan section in its
different forms in figures 3a, 3b and 3c. Light entering from the
left and right is reflected in a horizontal plane, passes through
the switching unit in operation in any particular case, and the two '
emerging optical axes are then parallel in a horizontal plane and
are a distance 60 m.m. apart. These axes are reflected upwards in
a plane at 450 to the horizontal by means of a single inclining prism,

shown in sideways section in figure 3d. To obtain interpupillary

-9 -
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distances between 50 m.m. and 75 m.m,, each ligh beam passes
through a rhomboid prism, the two prisms being capable of coupled
rotations about the entering optical axes., A X10 eyepiece is
placed at‘the exit face of each rhomboid prism. The output units
of the viewing head, comprising inclining prism, rhomboid prisms
and eyepieces are all shown in figure 3%d. These items would all
need to be designed in fuller detail at the final design stage,
but they would appear to present no problem.

In figures 3a, 3b and 3c, the light entering the viewing head
from either side first passes through a beam-splitter, the reflected
beam supplying the output to the electronic scanner. It should be
noted that this image is a mirror image of the object. These
scanner beam-splitters remain permanently in position.

There are three different systems which may be brought into
operation for the observer. These are shown in the areas within
the Eroken lines of figures 3%a, 3b and 3c., Mounted one above the
other image-switching can be achieved by a vertical movement of an
assembly carrying all three systems to bring the desired one into
the optical train. By using pentagonal prisms in the direct stereo~
scopic system, shown in figure 3a, there are two reflections for
each beam, avoiding the production of mirror images. Also the
extra path length inside each péntagonal prism mekes it possible to
parfocal the other viewing systems with that of figure 3a. In
consequence the image will remain in focus when the viewing head
is switched from any one form of viewing to any other. TFigure 3b
shows the system used for reversed stereoscopic viewing, when the
left-hand film has its image br;ught to the right eye of the observer
and vice versa. |

The finél form, shown in figure 3c, permits ordinary binocular
viewing of the left-hand film. This sub-assembly can be rotated
through 180° about the centre line to view the right-hand film in
the same manner., Alternatively a duplicate of the system of figure

3c could be used, but arranged to receive the light from the right-

- 10 -
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hand film. In the system of figu?e 3¢ a long path in glass has
been used in order to give an air-equivalent path of the same
length as in the systems of figures‘3a and 3b.

Fach film has its own illuminating system and lamp, as shown
in the general lay-out of figure i. Fach illuminating system com~
prises a‘EES?’EZ§E§EL£2}}2ESQ“QX“§~ngggg§g£} The zoom system
would be identical with that of the/observing system, so that for
any zoom position the correct area of the film is illuminated with
the correct aperture for the illuminating cones. The condensor
would need to have a magnification equal to-the reciprocal of the.
combined magnification of the objective and front matching system.
This, it is felt, could be achieved using a modified form of the
objective system.

The reticle and reticle
injection system

The point of injection of the reticle is shown in figure 1
immediately above the objective. In section 3 it has been stressed
that the objective, beam-splitter and reticle system must form a
rigid system to preserve exagt location of the reticle image
relative to that of the film.

The Specification calls for the reticle image to be a luminous
dot with sharply defined edges, and of size variable over a range
such that its diameter subtends any angle between 0.5 and 4,0
minutes of arc at the observer's eye. The following considerations
are important in relation to this part of the Specification.

The light forming the image of the reticle will of necessity
pass through the anamorphotic and zoom systems, and will therefore
have its image-forming pencils limited in the same way, namely by
the 20 m.m. diameter aperture stop placed just following the rear
matching system., Thus, no matter what zoom magnification is used,
the image of an ideal point soﬁrce on the reticle will be imaged
as’an Airy disc at 250 m.m. from the eye of the observer and of

diameter determined by the instrumental exit pupil. This is of

- 11 -
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radius 0,625 m.m., corresponding to an angular diameter of the
Airy disc (as subtended at the observer's eye) equal to

B' _ 0.61 )\

0.625

where TX is the wavelength of the light expressed in m.m.,s. With
A = 0.0005 m.m., this gives B’ 2% 1.67 mimutes of arc. The
diameter of the Airy disc will thus have an angular size of 3,34
minutes of arc,

It thus follows from (15) that even an ideal point source of
light will give as image a disc of light of angular diameter 3,34
minutes of arc, that is of an angular size almost equal to the
upper limit called for in the Specification. An angular size
smaller than this is physically not attainable because of the
diffraction-limited nature of optical systems, The upper limit of
k minutes of arc for the reticle image would demand a size of
aperture for the reticle well below the resolution limit of the
system, and whose image would therefore be of essentially constant

size, independent of the system forming the image and determined

only by the radius of aperture of the exit pupil,

Based on the above analyéis it is suggested that the reticle
injection system comprise a éin—hole placed at the focus of an
infinity-corrected objective of aperture not less than F/l.0. To
make the actuél pin-hole of more practicable size a x40 reduction
of the pinhole could be used, produced using a 4 m.m. microscope
objective. From what has been said above no zoom system would be

needed for the reticle injection system.

Design Study of the 20:1
Zoom System

As mentioned above the basic system employed is that of

British Patent No. 760,588. This envisages the use of two positive
components which are moved as a pair during zoom operation, their

gseparation remaining constant. A negative component is located

-12 -
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between the two outer positive elements and moves differentially
with respect to them. In the mean position of the zoom each
component is arranged to have a magnification equal to -1, the
negative sign denoting that the image»is inverted relative to the
object. The overall magnification in the mean position, being

the product of the separate magnifications of the three components
is also equal to -1,

The system is shown in figure 4, the middle diagram giving the
mean position of the zoom. The remaining diagrams show progressively
the positions of the three components of the zoom at equally spaced
magnifications between the upper and lower limits. In the example
shown these magnifications are -\[EZM and - 1{?51‘ respectively,
Even for this large zoom ratio, of 21:1, the movements of the
elements are relatively small;.and this is one of the advantages
of the system in question. To operate the zoom a direct drive may
be imparted to a mount carrying the two outer lenses, which remain
a fixed distance apart, while a coupled cam is made to position the
middle element. The poaitioﬁal accuracy needed varies over the zoom
run, but would not exceed 0,001" in the system shown.

The gaussian optics of the system are determined as follows.
Let ¥, F,, F. =T, be the equivalent focal lengths of the three
components. Then, in the mean position, the throw from object to

image is given by
v =205 + F,) (16)

F, is chosen to be positive, and F, negative. The desired
dimensions decide the value of T, so that only the ratio F,/F,
remains as a free design parameteg. For any ehosen value of

F, /Fa , the separate values of F/ and F, are given from (16).
The extreme magnifications given when the middle component is
almost in contact with either of the outer components are then
easily found., A value of F{/Fz permitting the necessary ratio .

of extreme magnifications is selected, and the lens movements

needed to vary the magnification subject,to T retaining the

- 13 -
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value (16) are easily found. At this stage the fixed exit pupil
position giving the smallest lens diameters relative to focal
length is determined, and adopted for the study of aberration
correction,

It is necessary to ensure ab initio the possibility of
achieving stable correction of all aberrations throughout the
whole zoom run. For this purpose the system is studied in a thin
lens approximation, each component being specified by its power K,
that is the reciprocal of theeguivalent focal length, and by the
coefficients of spherical aberration, SI, and central coma SII'
(See Hopkins, 'Wave Theory of Aberrations', Oxford University Press,
1950). These aberration coefficients are the values for each com- ,
ponent when the zoom is in the position giving the maximum magnifi-
cation. When the three components are moved to positions giving a
different magnification there is a change in object position,
aperture of the axial pencil and stop position for each element.

The Seildel aberration coefficients for these new conditions may be
written in terms of those for the high magnification position, and
in this way algebraic expressions for the total spherical aberration,
coma, astigmatism and distortion are obtained. ‘This is done for a
total of'five Ezoon ﬁositions, in the present case for those shown in
figure 4, thus giving five algebraic values of each of the four
aberrations for the whole zoom system. These expressions contain
only six variablés, namely the two aberration coefficients for each
of the three components when in the high magnification position.

At this stage the problem‘is to determine values of these six
coefficients which minimise the variation in the éberrations as the
zoom operates. A technique has been developed in which the variance
of each aberration, that is the mean square value relative to the
mean, is minimised., A further condition is added, namely that the
and 8

six basic aberration coefficients, S shall not be large.

I I’
A satisfactory solution of this system of equations was arrived at,
giving stable correction of the Seidel aberrations in the five zoom

positions.

- 14 -
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(6)

It then seemed that the first cbmponent could be designed
using two cemented doublets, and that single cemented doublet
components would suffice for the other two.. These were designed -
to have the walues of sI and SII indicated by the minimised
é;riance solution., The resulting system was then subjected to a
number of cycles of‘the Watson automatic correction progedure,

Figure 4,
which resulted in the system whose data is given in BEEEABHXS, . The
aberrations of this system are indicated in tables I and II,
These aberrations are wave-aberrations in wavelengths, corresponding
to the fringes to be seen with a lens-testing interferometer. Each
of the five zoom positions is denoted by giving the nu;erical value
of the corresponding magnification. The coordinates (%, y) give
the position of the corresponding ray in the pupil, this latter
being the circle x* + yg‘ = 1, The gquantity 7 denotes the field'
position: & = O is the axial image, and C = 1 is the edge of
the field., In the 1ower part of each table are given the chromatic
aberrations along zonal rays. Table III shows the distortion at
the edge of the field, shown as a percentage.

The results shown in these three tables confirm the possibility
of achieving a good standard of correction of aberration over the
whole zoom range. It should, nevertheless, Be emphasised that tﬁe

design work has only been carried to an early stage, and a great

amount of design and computation would be needed to complete it,

Summary of data

For ease of reference the constructionsand functions of the
different units are summarised in Table IV, The positions of the
object and image relative to the first and last surfaces for each
unit are denoted by £ and Aégespectively4 Where appropriate

. denoted
the positions of the entrance and exit pupils are given, BErEkIny

by Land 4 respectively, The units are listed in order from
the lamp through to the eyepiece.

An important factor in the expected performance is the number.

of surfaces traversed by the light., These are listed in Table V,

- 15 -

Declassified in Part - Sanitized Copy Approved for Release 2012/10/18 : CIA-RDP79B00873A000800010045-7



Declassified in Part - Sanitized Copy Approved for Release 2012/10/18 : CIA-RDP79B00873A000800010045-7

where the number of surfaces.has sometimes been estimated, for
example for the eyeﬁieées.

From Table V it will be seen that very efficient anti-
reflection coatings and high reflectivity reflecting surfaces
would be essential in the interests of both light transmission
and reduction of stray light. For example, 2-layer blooming
should be used on all low-index glass surfaces. The condensor
has one reflection and 22 transmissions at air glass surfaces.
If a reflectivity of 95% and transmission of coated surfaceé of
9% are assumed, the estimated transmission of the condensor

system will be
100 (0,95) (0.98)™ = 61%

The corresponding figures for the viewing system are 12 and 46

giving an estimated transmission of

100 (0.95)'" (0.98)** = 21%

These together give an expécted total transmission of

100 (.61 x .21) = 13%

In addition to the above light losses, it has to be noted that
there will be two beam splitters, which will reduce the light

transmission to about 25% of the above value.

(7) Conclusion

The investigation has shown that the basic requirements of the
Specification, although very exacting, could be met as regards
magnification, zooming, and image-switching. ‘Moreover a high
degree of correction of aberration should also be possible, despite
the formidable design problem that it still presents. From the
study made it\seems inevitable that the system would have a large
number of elements and surfaces, which would have to be made to
the very highest opticél standards. Even then it is doubtful

whether the design goals in relation to resolution would be met fully.

- 16 -
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However, as shown earlier, these seem excessive in relation to
the visual acuity of the normal observer. Detail corresponding
to 500 lines/m.m. at x200 and 25 lines/m.m. at x10 might be
expected to be seen by good observers. These would correspond to
a reduced spatial frequency of 5 = 0.5, which still calls for
the highest quality in the optics. (See, for examfle, Hopking
'The aberration permissible in optical systems', Proc. Phys. Soc.
B, Vol. IXX, p. 449, 1957). Such a system shouid be achievable,

but only at very high cost.

HHH/JM

-17 -
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Wave-aberrations, in wavelengths, at different magnifications: Z: =0

Magnification
x y 0e227 0.456 1.045 2.367 4,636
o] 1 -1.9 +0.3 +0.3 +0.1 +0.,1
Monochromatic .
Hpnochromat o [% |-0.1  40.1  40.1  +0.1  40.0
0 [ |+0.1 40,0 0.0  +0.1  +0.0
Chromatic 1
b 0 f3 |+16 4.2 +0.6 40,3 +042
TABLE IT
Wave-aberrations, in wavelengths, at different magnifications: 2?= 1
Magnification
X y 0.227 0.456 1.045 2.367 L, 636
0 1 -1.5 +1.8 +1.1 +1.5 +1.9
o J§ |+0.6 +1.5 +0.9 +1.0 +1.2
0 j§~ +0.6 +0.8 +0.5 +0.5 +0.6
Monochromatic 7
aberrations 0 <j3 |+0-9 +1.0 +1.0 +0.7 +0.6
0 -5 |+2.5 +241 +2.1 +1.4 +1.2
0 -1 +4.5 +342 +3ek +242 +1.8
1 0 ~1.1 +1.1 +1.0 0.7 +0.5 ]
Chromatic o /& 1+0.8 +0.6 +043 +0.2 +1.2
, aberration 0 -/F |+3.2 40,5 0.2 404k -0.4
TABLE IIT
Percentage distortion at different magnifications: C=1
Magnification I
0,227 0.456 1.045 2,367 L,636
+01  -0,1 -0k  -0.9  -0.1 i
- 18 ~
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Unit

Construction

Focal length

or
magnification

4|

e

[

A

Lamp Matching

2 separated

Not defermined

i |
in detai

system doublets i
Condensor |
zoon As for viewing zoom | i
| o
Condensor As for objective + front matching system
Objective Not known F=2 - e vary with
in detail gooming
Anamorph 2 separated 2:1 vary with
compound variable A2 A zooming
prisms i
Front Matching| 2 separated F =~ 6.5 7D §-5.8 vary with
system doublets ] zooming
Fi= + 5
F, = +16
d, = 9
zZoom 3 components ‘M = - Jal. vary with zooming
(for details
. 1
see fig, 4) - =
J2al
Rear Matching |2 separated M= - 1.k +5.9 |+18.0 |-14,2 | +2.0
system doublets
Fi = +7
Fz = 45
dggf 10
Image Rotator |K-prism Not relevant
{ |
| |
Viewing Head Image-switching Not relevant
units, inclin-
ing prism,
rhomboid prism
Lyepieces Not known M = x10 - - - -
in detail
UNIT = 1 INCH
- 19 -
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TABLE V
- No. of No. of air/ No, of
Unit Sur faces glass surfaces reflections

Lamp matching system 6 4 o]
Condensor zoom 12 8 0
Reflecting prism 3 2 1
Condensor 10 8 0
Objective 10 8 0
Beam splitter 3 2 1
Anamorph 7 L 0
Reflecting prism 3 2 1
Front matching system 6 L 0
Zoom 12 8 0
Rear matching system 6 4 0
Image rotator 5 2 3
Scanner beam splitter 3 2 1
Direct stereoscopic

prism system 2 2 2
«ﬁe;;ré;a ;Eéfgbs;;pig S - - - - - - - -~

prism system 4 L L
Binocular viewing

prism system B Z_ - B Li o b .
Inclining prism 2 2 2
Rhomboid prism L 2 2
Eyepiece 5 L o]
omis g o 68 .

- 20 =
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at acceptance:—Class 97(1), B7(A: G).
tiorial Classif ication:—G02b.

We, KeNNETH RoYy CoOLEMAN, British
Subject, and Tavior, Tavior & HoBsON
LrviTep, a Company registered under the
Laws of Great Britain, both of 104, Stoughton
Street, Leicester, do hereby declare the inven-
tion, for which we pray that a patent may be

ted to us, and the method by which it
1s to-be performed, to be particularly described
in and by the following statement:—

This invention rclates to an anamorphotic
optical systeny, comprising two refracting com-
pound prisms so arranged that an incident ray
will be deviated in one sense by the first com-
pound prism and in the reverse sensc by the
second compound prism, The total deviation
of an incident ray by such a system will de-

PATENT SPECIFICATION

Date of filing Complete Specification: Sept. 19, 1955,
Application Date: Sept. 19, 1954,

;
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COMPLETE SPECIFICATION
Improvements in or relating to Anamorphotic Optical Systems

through the system in the opposite direction
will suffer lateral angular enlargement and
lateral pupil compression It will thus be clear
that the system has an overall magnification
factor in ‘the operative plane equal ‘to the
reduction in width of pupil, but leaves the
dimensions and direction of 2 beam unaltered
in_the plane at right angles thereto.

The anamorphotic system is primarily in-
tended for use in front of a main objective,
that is on the long conjugate side of the objec-
tive, and it is to be understood that the terms
“front ” and “rear,” as applied herein to the
anamorphotic system, are to be interpreted in
the same sense as for the main objective with
which it is to be used, so that the rear of the

pead on its angle of incid on the first
surface, and the term “axial ray” is herein
used & denote a ray which emerges from the
systeum paraltl to its direction of incidence.
It is to be noted that an incident collimated
‘beamy composed of axial rays will not only
b deviated by the compound prism on which
it is invident, but will also be reduced (or
). in' cross-section, and this action will
be repeated: at the other compound prism,
the reduction (or enlargement) of course
* taking place only in a plane at right angles
to the generators of the prisms, the dimen-
sions- of the beam at right angles to such plane
remaining unaltered. This chdnge in width of
an: axial colli d beam may i}
- be termed: “lateral pupili compression (or
enfargement)”, At the samic time, the ‘anglc
funween two oblique incident rays will be
. devreased (or increased) in their passage
througts the system, in the operative plane at
right angles to the prism generators, but will
remin unaltered in a plane at right angles
hiereto, Such change in angle may be termed
“Jateral angular compression (or enlarge-
», and it is particulacly to be noted
“thue lateral pupil compression and later'?g
angular compression are operative in opposit
scng:,cs, so t!l:nar a beam passing through the
system in one direction will suffer lateral
pupil enlfargement, whilst @ beam passing

[Price 3s. 04}

P system is the side thereof adja-
cent to the main objective whilst the front
of such system is the side remote from the
objective.

The present applicants’ copending British
Patent Application No. 29675 of 1953 (Serial
No. 745,315) relates to a system of this kind,
having each of the two compound prisms in
the form of a doublet, in which the two prisms
elements have their apices pointing in oppo-
site  directions, the apices of the two inner
prism elements of the system pointing in the
same direction, wherein an axial ray incident
on the system from the front is deviated by
the front doublet in a sense away from the
apices of the inner prism elements and by
the rear doublet in a sense towards such
apices, the portion of such axial ray within
each prism element being inclined to the
normal to the cemented surface at an angle
which exceeds by at least five degrees the
angle between such ray portion and -the
normal to the air-exposed surface of the prism
element, the Abbé V number of the front
prism element of each doublet exceeding that
of the associated rear prism element by at
least 10. This arrangement is such as to
enablo the two compound prisms to be angu-
larly adjusted about axes parallel to the
generator of the prism surfaces to vary the
magnification of the system and to maintain
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correction for axial colour over a wide range
of ‘magnification. This is achieved, however,
by the use of small prism angles and large
air angles, which makes the complete system
unduly long.

The present applicants’ copending British
Patent Applications Nos. 20797 and 30948 of
1953 (Serial No. 746,194) also relate to
systems of this kind, wherein each compound
prism is arranged to depart from achromatism
to such an extent thaxiie difference between
the deviations=Of an axial ray through the
compound prism for. the C and F spectrum
lines lies between .01 and .1 of a degree., In
this way, in addition to correction for axial
colour, a limited degree of correction for
oblique colour can also be maintained over
an appropriate range of magnifications or
alternatively a high degree of correction for
oblique colour over a marrow magnification
range.

The present invention has for its primary
obiect to provide an improved system whercby
a high degree of correction for axial colour
can be satisfactorily maintained over a wide
magnification range, without undue length in
the system. A further object is still further
to improve the system to maintain good correc-
tion for oblique colour, in addition to axial
colour, over a wide magnification range.

The anamorphotic system, according to the
present i ! i wo i
compound prisms so arranged that an incident
ray will be deviated in one sense by the first
compound prism and in the reverse sense by
the second compound prism to an extent
sufficient to include an axial ray within the
useful field; the front compound system being
in the form of a triplet, the middle element
of which is madc of material having Abb¢ V
number of less than 45, whilst each of the
outer elements has its apex pointing in a
direction opposite to that of the middle ele-
ment and is made of material whose Abbé V
number is greater than 45 and exceeds that
of the middlc element by at least 10, the
prism angle of the front element lying be-
tween 0.1 and 1.5 times the prism angle of
the rear element. The prism angle of such
rear element preferably lies between 10° and
40°, whilst that of the middlc element lies
between 9° and 25° and is less than the sum
of the prism angles of the front and rear
elements by more than 10°.

. The rear compound prism can be arranged
in various ways.

“Thus, the rear compound prism may be in
the form of a doublet with the apices of its
two elements pointing in opposite directions,
the front element being made of material

having Abbé V number less than 45 whilst

the rear element is made of material having
Abbé V number greater than 45 and exceed-
ing that of the front element by at least 10,
such rear element having a prism angle at

Declassified in Part - Sanitized Copy Approved for Release 2012/10/18 :
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least 6° greater than the prism angle of the
front element. In such cdse, the prism angle
of the front element of the front compound
prism preferably lics between 0.1 and 0.67
times the prism angle of the rear elerent of
such compound prism. .
Alternatively, the rear compound prism may
be in the form of a triplet, whose middle
element has its apex pointing in a direction
opposite to those of the outer elements, the
material of the middle element. having Abbé
V number less than 45, whilst those of the
outer clements each have Abb¢é V number
greater than 45 and excecding that of the
middie element by at least 10, the sum of
the prism angles of the outer elements ex-
ceeding the prism angle of the middle element

_ by at least six degrecs. In such case, the prism

angle of the front element of the front com-
pound prism preferably lies between .67 and
1.5 times that of the rear element of such
compound prism.

In these arrangements, it is advantageous
to employ the same materials for the elements
of one compound prism as for those of the
other compound ' prism.

Variation of the magnification of the system
may be effected by angularly adjusting the
two compound prisms about axes parallel to
the prism surfaces. In such case, it is desirable
so to choose the relative angular movements
that an incident ray, which in one position
of adjustment emerges parallel to its original
direction of incidence, will also emerge
parallel to its original direction in all other
positions of adjustment. The two compound
prisms may be so arranged that in one posi-
tion in the range of adjustment each com-
pound prism is approximately achromatic.

The invention may be carried into practice
in various ways, but some convenient alterna-
tive example of anarhorphotic optical system
according to the invention are diagram-
matically illustrated by way of example in the
accompanying drawings, in which

Figure ‘1 illustrates an example having a
triplet front compound prism and a doublet
rear compound prism shown in its position of
‘maximum magnification,

Figure 2 shows the example of Figure 1
in its position of minimum magnification,

Figure 3 illustrates another example having
a triplet front compound prism and a doublet
rear compound prism,

Figures 4—6 respectively illustrate three
further examples each having both compound
prisms in the form of triplets,

Figures 7 and 8 are views respectively
parallel to and at right angles to the prism
gencrators showing the example of Figure 1
applied by way of example to an optical pro-
)ecupn arrangement,

Figure 9 illustrates one form of mechanism
for adjusting the magnification of the anamor-

photic system as applied to the example of

S
2
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Fis 1 .
Figure’ 10 illustrates an alternative form of

* adjusting mechanism as applicd to the example

of Figure 6, and
_ Figures 11 and 12 are views at right angles
fo onc another showing the use of two similar

anamorphotic systems according to the inven--

tion having their prism gencrators at right
angles to one another for increasing the cfice-
tive angular field of the objective with which
they are used. . .
Numerical data for the examples of Figurc

* 1 and Figures 3—6 are given respectively in

the following five tables. In each of these
tables, the first portion gives for each of the
prism elements, counting from the front, the
apex angle 6 in degrees, the refractive indices
N, No and N respectively for the C, d and F

m lines of the material of which the
element is made, and also the Abbé V number
for such material. The second portion of each
table is concerned with angular adjustment of
the two compound prisms to vary the magnifi-

cation of the system, and gives data for various
positions of adjustment for an axial ray pass-
ing through the system from the rear to the
front, such data comprising the angle of
incidence { in degrees of the ray to the normal
to the rear sufface of the rear compound
prism (the positive sign indicating that the

- ray is on thc side of the normal remote from
“ the “closed ™ side of the system, that is the

side of thd system towards which the apex of
the prismatic air space between the two com-
pound prisms points in the position of highest
magnification, whilst the negative sign indi-
cates that the ray is on the side of the normal
nearer to such closed side), the angle ¢ in
degrees between the rear surface of the front
compound prism and the front. surface of the
rear compound prism (the positive sign indi-
cating that such’ angle points towards the
closed side and the ncgative sign that it points
away therefrom), and  the overall magnifica-
tion M of the system.

ExampLe 1

0 NC Nd NF v
Prism 1 8.0 1.51385 1.51633 1.52191 64.1
Prism 2 14.48 1.61546 1.62049 1.63258 36.2
Prism 3 29.0 1.51385 1.51633 1.52191 64.1
Prism 4 12,27 1.61546 1.62049 1.63258 . 36.2
Prism 5 33.25 1.51385 1.51633 1.52191 64.1
i M
+22.14 +75.25 1.96
+19.93 +69.39 1.76
+16.10 +60.07 1.54 -
+10.00 +44.71 1.31 :

i~
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S Nd NF v
Prism 1 : L5077 150970 1.51518 6.4
Prism 2 14.15° 61566, 1.62049 1.63258 36.2
Prism 2 o0 T sor L Lsoono 151518 4.4
Prism 4 12,08 . 16154671 1.62049 1.63258 36.2
Prism 5 < aas T nson 1.50970 1.51518 64.4
M

4753 1.9

" ¥68.9 1.74

" 59.1 1.52

et 1.28

LS 1.06

s .64

_Exadrie 11T
NG ° Nd NF v

Prism 1 150727 150970 1.51518 64.4
Prism 2 1.61546 1.62049 1.63258 36.2
Prism 3 “1son7 1.50970 1.51518 4.4
Prism 4 1.50727 1.50970 1.51518 64.4
Prism 5 61546 T 1.62009 1.63258 36.2
Prism 6 F1U150727 150 970 151518 6.4

-9 M

+71.7 1.97

+59.1 1.49

+39.0 1.25

+5.5 1.03

—65.97 .65

e g P

i
i

o1

765,775 . i_{
Exameie IV
8 NC | Nd NF v
Prism 1 17.0 1.50727 1.50970 1.51518 64.4
Prism 2 17.81 1.61546 1.62049 1.63258 36.2
Prism 3 20.0 1.50727 1.50970 1.51518 64.4
Prism 4 17.55 1.50727 1.50970 1.51518 64.4
Prism 5 16.93 1&1546’ 1.62049 1.63258 36.2
Prisn:l 6 17.55 1.50727 1.50970 1.51518 64.4
i 8 M
+21.3 +83.0 1.99
+21.0 +67.8 1.56
+13.8 +50.7 1.31
- 3.0 + 9.5 1.04
+49.4 —67.4 .65
Exameie V
] NC Nd NF v
Prism 1 17.0 1.50727 1.50970 1.51518 64.4
Prism 2 17.78 1.61546 1.62049 1.63258 36.2
Prism 3 20.0 1.50727 1.50970 1.51518 64.4
Prism 4 14.6 1.50727 150970 1.51518 64.4
Prism 5 14.13 1.61546 1.62049 1.63258 35.2
Prism 6 14.6 1.50727 1.50970 1.51518 64.4
i 6 M
+34.0 +83.7 1.96
+21.3 +64.4 1.47
+22.5 +49.5 1.29
— 3.0 +4.0 1.02
—55.6 —176.0 .64
- i - - - P
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In Figures 1 and 2, a few typical rays arc
shown, including a central axial ray incident
at angle i to the normal to the rear surface of
the rear compound prism and emerging from
the front surface of the front compound prism
in a direction substantially parallel to its
original direction of incidence, and two fur-
ther axial .rays equally spaced on either side
of the central axial ray. It will be noticed thae
these axial rays emerge from the front of the
system muchcloser together than they were
at incidence, thus illustrating the lateral pupil
compression of rays passing from near 1o
front. Two oblique rays are also shown on¢
on either side of the central axial ray and
equally inclined thereto at incidence.
oblique rays emerge from the front of the
system at greater inclination to the axial rays,
thus. illustrating lateral angular enlargement
of rays passing from rear to front. It will be at
once clear that rays passing from front to rear
would have lateral pupil enlargement and
lateral angular i The i

in Example IIl, 19.19 in Example IV and
19.22 in Example V, in each casc in Degrees.

In the first two examples, the prism angle
of the rear element of the rear doublet exceeds
that of the front element thereof by 20.98

. degrees in Examiple I and by 21.17 degrees in

Example IL In the remaining three examples,
the sum of the prism angles of the outer
element of the rear triplet exceeds the prism
angle of the middle element of such triplet by
18.06 degrees in Example IIL, by 18.17
degrecs in Example IV and by 15.07 degrees
in Example V.

. The second portion of the various tables
give data for the useful ranges of magnifica-
tion of the examples, and steps are provided
to limit the adjustment to such range, since
the aberration corrections are not maintained
outside the range. In each case, the relation-
ships are such that an incident ray which is
an axial ray in any one position of adjustment
remains an axial ray throughout the range of

tion of the system is proportional to the laterat
pupil compression, and the reduced magni-
fication of the system with the prisms adjusted
to the positions shown in Figure 2 will be
clear from the greater width of the emesgent
axial beam in Figure 2 as contrasted with thay
in Figure 1.

In the first two cxamples (Figures 1 and 3},
the rear compound prism is in the form of 2
doublet, with the apex_of the front element
pointing towards the closed side and thay o
the rear element pointing away therefrom. In
the remaining three examples Figures 4—6,
the rear compound prism is in the form of 2
t.riplet, with the apex of the middle element
pomnting towards the closed side and the
apices of the other two elements pointing
away therefrom. The apex of the middle
element of the triplet front compound priszm,
in all five examples, points away from the
closed side, whilst the apices of the front and
rear elements thereof point towards the closed
side.

In each of the five examples, the same ywo
materials are used in the front comj
prism as in the rear compound prism, the
difference between the two Abbé V numbess
being 27.9 in Example I and 282 in the
remaining examples. The material of Jower
Abbé V number is used for the middle clement
of the front triplet in all examples, for the
front element of the rear doublet in Examples
1 and 11, and for the middle element of the
rear- triplet in Examples III, IV and V.

The ratio of the prism angle of the fromt
element of the front triplet to that of the rear
element of such triplet is 0.28 in Example I,
0.23 in Example 11, 0.87 in Examples Il and
0.85 in Examples IV and V. The sum of suck

. two prism angles exceeds the prism angle of

€5

the middle element of the front triplet by
22.52 in Example I, 22.85 in Example I, 2222

Example I, with a somcwhat
smaller range of adjustment than the other
examples, has the property thar the angular
movements of the two compound prisms bear
an approximately linear rclationship to one
g.not.her. The arrangements are also such that,
i each case, in the position of highest mag-
mﬁcauqn, the two compound prisms are each
approximately achromatic.
The rotational adjustment of the two com-
pound prisms about axes parallel to the prism
to vary the i ion, may be
effected separately by hand control, for
example by means of hand knobs, as indicated
at A in Figure 8, or the two prisms may be
micchanically interlinked in various ways to
correlate their movements. With the approxi-
mately linear relationship between the move-
ments of the two compound prisms in the first
example, it is practicable for the two prisms
to be directly geared together at the appro-

- priate ratio, as shown by the two gear wheels

B B! in Figure 9, one of the gear wheels carry-
ing a projection C movable between two fixed
stops C' C* to limit the adjusting move-

28

Figure 10 illustrates an alternative form of
mechanism, which can be used also when the

ionship betwecn the two is not
Bocar. This mechanism comprises a disc D
carsied by one compound prism and having a
cam slot D', within which runs a pin E on
an arm E' carried by the other prism, the
shape of the cam slot D' being chosen to suit
the relationship between the two movements.
The ends of the slot D! act as stops to limir
the movement.

In the first two examples, employing a rear
doublet, good correction for axial colour is
maintained throughout the range of magnifi-
cation, whilst in the other three examples,
employing a rear triplet, not only good axial
colour correction, but also good oblique colour

75

5

-

10

-

15

-

30

T

4

correction is maintained throughout the mag-
nification range. N

The anamorphotic system according to the
invention is primarily inteided for use in front
of a main objective, in 2 collimated beam
light, In cases where the light is not already

. collimated, a collimating’ lens system is pro-
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20
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30
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55

vided in front of the anamorphotic system.
Such an arrangement is illustrated in Figures
7 and 8, the main objective being indica(c‘d\
liagr ically at F and the collimating lens
system at G, such system baving focal length
equal to the distance from the plane H, which
constitutes cither the image plane ‘or the
object plane in accordancé with the direction
in which the rays pass through the system, the
focal plane of the objective F (which is
focussed on infinity) being indicated .at J. If
the system is used for the projection on to a
screen of a laterally compressed image or a
cinematograph film, the film is located at the
short conjugated plane J on the rear side of the
main objective F and the system will act to
broaden out the laterally compressed film
image to give a screen image at H in its normal
undistorted proportions. If on the other hand,
the system is used for photographing a broad
panoramic scene on 10 2 cinematograph film,
the scene to be photographed will lie in the

ighbourhood of the long conj plane H
in front of the system and the film in the
short conjugate plane J, and the system will
act to produce on the film a laterally com-
pressed image of the scene, suitable for subse-
quent projection in the manner just described
to produce a screen image in the original pro-
portions of the panoramic sceae.

The anamorphotic system according to the
invention s also suitable for use in the manner.
forming the subject of the present applicants’
copending British Patent Application No.
10749 of 1954 (Setial No, 747,228) in con-
junction with a second similar anamorphotic
system whose prism generators lie at right
angles to those of the first system, in coopera-
tion with a main objective and a collimating
lens system, to increase the effective angular
field of the objective for wide angle work. In
such case, the prisms may be fixed in position,
or alternatively, the two systems may
adjustable to give variable magnifications in
the two operative planes.

Such a double anamorphotic system is
shown in two views at right angles respectively
in Figures 11 and 12, the front system K K!
being appropriately larger than the rear system
L L, The main objective and collimating lens

are omitted from Figures 11 and 12,
but are of course arranged zespectively behind
and in front of the double anamorphotic system
in a manner analogous to that shown in
Figures 7 and 8.

What we claim is:—

1. An anamorphotic optical system, com-
prising two refracting compound prisms 0

e

arranged that an incident ray will be deviated
in one sense by the first compound prism and
in the reverse sense by the second compound
prism to an extent sufficient to include’ an

of :axial ray within the uscful fictd, the front

compound prism being in the form of a triplet,
the middle element of which is ‘made of
material having Abbé V number less than 45
whilst each of the outer elements has its apex
pointing in a direction opposite to that of the
middle element and is made of material whose
Abbé V number is greater than 45 and exceeds
that of the middle element by ar least 10, the
prism angle of ‘the front element lying
between 0.1 and 1.5 times the prism angle of
the rear element. B

2. An anamorphotic optical system as
claimed in Claim 1, in which the prism angle
of the rear element of the front compound
prism lies between 10° and 40°, whilst that
of the middle element lies between 9° and 25°
and is less than the sum of the prism angles of
the front and rear elements by more than 10°.

3, An  anamorphotic optical system’ as
claimed in Claim 1 or Claim 2, in which the
rear compound prism is in the form of a
doublet with the apices of its two elements
pointing in opposite _directions, the front
element being made of material having Abbé
V number less than 45, whilst the rear element
is made of material whose Abbé V number is
greater than 45 and exceeds that of the front
element by at least 10, such rear element hav-
ing a prisin angle at least 6° greater than the
prism angle of the front element,

4. An  anamorphotic optical system as
claimed in Claim 3, in which the prism angle
of the front element of the front compound
prism lies between 0.1 and 0.67 times the
prism angle of tha rear element of such com-
pound prism.

S. An anamorphotic optical system as
claimed in Claim 1 or Claim 2, in which the
rear compound prism is in the form of a trip-
let whose middle elcment has its apex pointing
in a direction opposite to those of the outer
elements, the material of the middle element
bhaving Abbé V number less than 45, whilst
those of the outer elements each have Abbé
V number greater than 45 and exceeding that
of the middle element by at least 10, the sum
of the prism angles of the outer elements
exceeding the prism angle of the middle
element by at least 6°,

6. An anamorphotic optical system as
claimed in Claim 5, in which the prism angle
of the front element of the front compound
prism lies between .67 and 1.5 times that of
the rear element of such compound prism.

7. An anamorphotic  optical. system as
claimed in any one of Claims 1—6, in which
the materials used for the elements of one
compound prism are the same as those used
for the elements of the other compound prism.

8. An anamorphotic. optical system as
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< Climed iz any one of Claims 1—7, in which
ldg twe compound - prisms are angularly
m:;::ubk about axes parallel to the prism
5. o 1o \fary 1.h‘c magnification of the

9. Aa_amamorphotic opti y

9 . A i ptical system  as
claimed & Claim 8, in which the relative
angular maovements of the two compound
priswms ave sch that an incident ray, which
m one yomm;lzd of adjustment emerges sub-
stan paeallel to its original direction of
incidence, will' also emerge  substantially

n

PROVISIONAL

parallel to its original direction i
po;i(t)jo;sn of adjusgl(mem. a8l other

1 1 anamorphotic  optical system as
dm{npd in Ciaim 8 or 9, 1}1)) whicg in onme 1
position in the range of adjustment each com-
pound prism is approximately achromatic.

11. An anamorphotic optical system sub-
stantially in any one of the embodiments 20
described with reference to the accompanying

drawings.
A/ F. PULLINGER,
Agent for the Applicants.

SPECIFICATION

Improvements in or relating to An;mm-photic Optical Systems

We, KmeEtn Roy COLEMAN, British
Subject, amd TAYLOR, TaYLOR &, Hosson
ED, & Company registered under the

L of Greae Britain, both of 104, Stoughton
Street, Leieester;. do herceby declare this inven-
tion, to be described in the following  state-
meni:.
This imvestion relates to an anamorphotic
optical syRems;  comprising  two refiﬁcﬁng
compound prisas so arranged that an incident
ray will be devinted in one sense by the first
35 2mpwnd pristx and in the reverse sense by
he second cempound prism. The total devia-

tion of an icider ray by such a system will
depend ow i3 angle of incidence on the first
surface, and (e term “ axial ray ” is hercin

% © denste 2 ray which emerges from the
system peraliel to- its direction of incidence.

It is to be moted thar an incident collimated
beam compesed of axial rays will not only be
deviated by dic compound. prism on which it

s is mﬂdun_,, bue will _also be reduced (or
45  enlarged) i aess-section, and this action will
be repessed au the other compound prism, the
reduction (e enlargement) of course taking
place only a @ plane at right angles to the

50 g‘;nmun of she prisms, the dimensions of
the beam 2 sight angles w0 such plane remain-

ing unaltered This change in width of an
axial ol beam may. iently be
l;rmed” Iasesal pupil compression (or enlarge-
ment).” Ag !i: same time, the angle between
55 wWo o x mt?mt rays will be decreased (or
in & their passage through the system,

in the opomative plane at right angles to the
prism z bug will remain unaltered in

a planc ar sighe awgfies thereto. Such change in
angle may be sermed “lateral angular com-
pression (er emburgement),” and it is particu-
larly to be measd that lateral pupil compression

and lateral compression are operative

30

in oppostie semeey, so that a beam passin,
65 through the spremm fr one direction wﬂ‘l’suﬂe%
Interal angulzr compression and lateral pupil
:;]ar whilst a beam passing through
hf; System i the opposite direction will
70 suffer laterall aegufar enlargement and lateral
70, pupil compeession. It will thus be clear that

the system has an overall magnification factor

in the operative plane equal to the reduction

in width of pupil, but leaves the dimensions

and direction of a beam unaltered in the plane

at nﬁht angles thereto. 75
i ¢ anamorphotic system is primari
intended for use in fromy;f a main gb]:’c;::\l}e{
that is on th long conjugate side of the
Db]ECnXt, and it is to be understood that the
terms “ front ™ and “ rear,” as applied herein 80
to the anamorphotic system, are to be inter-
preted in the same sense as for the main
objective with which it is to be used, so that

the rear of the anamorphotic system is the

side thereof adjacent to the main objective 85
whilst the front of such system is the side
rcl%):: from the- objective.

e present applicants’ copending Briti:
Patent Application. No. 20675 of 195 ?sl:‘::}
No.' 745,315) relates to a system of this kind, 90
having each of the two compound prisms in
the form of a doublet, in which the two prism
elements have their apices pointing in oppo-
site directions, the apices of the two inner
prism elements of the system pointing in the 95
same direction, whereinan axial ray incident
on the system from the front is deviated by
the front doublet in a sense away from the
apices of the inner prism elements and by the
rear doublet in a sense towards such apices, 100
the portion of such axial ray within each prisn;
element being inclined to the normal to the
cemented surface at an angle which exceeds by
at least five degrecs the angle between such
ray portion and the normal to the air-exposed 105
surface of the prism element, the Abbé V
number of the front prism clement of each
doublet exceeding that of the associated rear
prism element by at least 10, This arrangement
is such as to enable the two compound prisms 110
:}l: be angularly adjusted about axes parallel to

e generators of the prism surfaces to vary
the magnification of the system and to main-
tain correction for axial colour over a wide
;ange of magnifications. This is achieved, 115
laivgv:V:F’ by !{m use l:sf small prism angles and

ir angles, whi

ot undufgy l(;ng ch makes the complete

-
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The present_applicants’ copending British
Patent Applications Nos. 29797 and 30948 of
1953 (Serial No. 746,194) also rclate to
systems of this kind. whercin each compound

S prism is arranged to dcpart from achromatism

to such an extent that the difference between
the deviations of an axial ray through the
compound prism for the C and F spectrum
lines lics between .01 and .1 of a degree. In

10 this way, in addition to correction for axial
colour, a limited degree of correction for
oblique colour can also be maintained over an
appreciable range of magnifications or alterna-
tively a high degree of correction for oblique

15 colour over a narrow magnification range.

The present invendon has for its primary
object to provide an improved system whereby

- a high degree of correction for axial colour
can be satisfactorily maintained over a wide

20 magnification range, withour undue Tength of
the system. A further object is still further
to improve the system to maintain good cor-
rection for oblique colour, in addition to axial
colour, over a wide magnification range.

25  The anamorphotic system, according to the
preseng invention, comprises two r:hagun;
compound prisms so arranged that an inci-
dent ray will be deviated in one sensc by the
first compound prism and in the reverse sense

30 by the second compound prism to an extent
sufficient o include an axial ray within the
useful field, the front compound system being
in the form of a triplet, the middle element of
which is made of material having Abbé

35 pumber less than 45, whilst each of the outer
elements has its apex pointing in a dircction
opposite to that of the middle element and is
made of material whose Abbé V number is
greater than 45 and excecds that of the middle

40 element by at least 10, the prism angle of the
front element lying between 0.1 and 1.5 times
the prism angle of the rear element. The prism
angle of such rear element preferably lies
between 10° and 40°, whilst that of the

45 middle element lies between 9° and 25° and
is more than 10° less thyn the sum of the
prism angles of the fron{ and rear elements,

e rear compound prism can be arranged
in various ways.

S0  Thus, the rear compound prism can be
in the form of 2 doublet with the apices of its
two elements pointing in opposite directions,
the front element being made of material
having Abbé V number less than 45, whilst

55 the rear element is made of material having
Abbé V number greater than 45 and exceeding
that of the front element by at least 10, such
rear element having a prism angle at least 6°
greater than the prism angle of the front

60 element. In such case, the prism ancale of the
frong element of the front compound prism
preferably lies between .01 and .67 times the
prism anvle of the rear element of such com-
pound prism.

5 ively

the rear

i N
N

prism

may be in the form of a triplet, whose middle
element has its apex pointing in a direction
opposite to thosc of the outer elements, the
material of the middle element having Abbé

YV number less than 45, whilst those of the 70
outer clements cach have Abbé V. number
greater than 45 and cxceeding that of the
niiddle clement by at least 10 the sum of the

prism angles of the outer elements exceeding .
the prism angle of the middl¢ element by at 75 -
Jeast six degrees. In such case, the prism angle

of the front elcment of the front compound

prism preferably lies between .67 and 1.5

times that of the rear clement of such com-

pound prism.

* In these arrangements, it is advantageous

to employ the same materials for the elements

of one compound prism as for those of the

other compound prism.

Variation of the magpification of the system 85
may be cffected by angularly adjusting the two
compound prisms about axes parallel to the
prism surfaces. In such case, it is desirable so
to choosc the relative angular movements that
an incident ray, which in one position of 90
adjustment_emerges parallel to its original
direction of incidence, will also emerge parallel
to its original direction in all other positions
of adjustment. The two compound prisms
may be so arranged that in one position inthe 95
range of adjustment each compound prism is
approximately achromatic.

The invention may be carried into practice
in various ways, but the following may be
instanced as  some convenicnt alternative
examples of anamorphotic optical system

according to the invention.

Numerical data for these examples are given
in the following tables. In cach of these tables,
the firsy portion gives for each of the prism
elements, counting from the front, the apex
angle 6 in degrees, the refractive indices Ne,
N, and N, respectively for the C, d and F
spectrum lines of the material of which the
element is made, and also the Abbé V number
for such material. The second portion of each
table is concerned with angular adjustment of
the two compound prisms to vary the mag-
pification of the system, and gives data for
various positions of adjustment for an axial
ray passing through the system from the rear
to the front, such data comprising the angle
of incidence i in degrees of the ray to the
normal to the rear surface of the rear com- -
pound prism (the positive sign indicating that
the ray is on the site of the normal remote
from the “closed ” side of the system, that is
the side of the system towards which the apex
of the prismatic air space between the two
compound prisms points in the position of
highest magnification, whilst the negative

sign indicates that the ray is on the side of the

normal nearer to such: closed side), the angle ¢
in degrees between the rear surface of the

front compound prism and the front surface 130

-

15

-

20
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o e
of the rear compound prism (the positive sign away therefrom), and the overall magnificati Exauere 1T
indicating that such angle points towards the M of the system, gnifiction

closed side and the negative sign tha it points 2 NC Nd NF v
Prism 1 20.0 1.50727 1.50970 1.51518 64.4
Exameis 1 Ppeiom 3 20.78 1.61546 1.62049 1.63258 6.2
] NC Nd NF v Prism 3 2.0 150727 1.50970 1.51518 64.4
Prism 1 8.0 1.51385 1.51633 1.52191 64.1 P— .5 1.50727 1.50970 1.51518 64.4 .
Prism 2 14.48 1.61546 1.62049 1.63258 36.2 Prism 5 17.04 1.61546 1.62049 1.63258 36.2
Prism 3 2.0 1.51385 1.51633 1.52191 64.1 Prism 6 19.55 1.50727 1.50970 1.51518 64.4
Pristm 4 12.37 1.61546 1.62049 1.63258 36.2
Prism 5 33.25 1.51385 1.51633 1.52191 64.1 d ’ s
+28.6 +71.1 L97
i 6 M 1 421 +59.1 1.49
+22.14 +15.25 1.96 +16.0 +39.0 1.25 .
+19.93 +69.39 1.76 _ 5.0 +55 1.03 ’
+16.10 +60.07 1.54 _s2.5 _65.97 .65 .
+10.00 T 44471 1.31 .
Examrre II ! .
[ NC Nd NF v * Exampie IV .
Prism 1 7.0 1.50727 1.50970 1.51518 64.4 , ¢ e N =
Prism 2 14.15 1.61546 1.62049 1.63258 36.2 ‘ Prism 1 17.0 1.50727 1.50970 1.51518 6.4
Prism 2 30.0 1.50727 1.50970 1.51518 64.4 Prism 2 17.81 1.61546 1.62049 1.63258 36.2
Prism 4 12.08 1.61546 1.62049 1.63258 6.2 Prism 3 2.0 1.50727 1.50970 1.51518 64.4 :
Prism 5 33.25 1.50727 1.50970 1.51518 64.4 Prism 4 17.55 1.50727 1.50970 1.51518 64.4 \ \
Prism 5 16.93 1.61546 1.62049 1.63258 36.2 {
‘ ° M Prism 6 17.55 1.50727 1.50970 1.51518 64.4 ‘
+22.2 +75.3 1.9 j
+19.8 168.9 L7 i [ M \ ‘
+15.8 +59.1 Ls2 S 213 ] +83.0 1.9 l
+9.0 +41.9 1.28 d +21.0 or.e . 1
~ 3.0 +12.5 106 +13.8 +50.7 1.31 i
—43.0 _s8.9 - : —3.0 +9.5 1.04 \‘
+49.4 —67.4 .65 \
e - ¢ RS S . : ER. - !
. . . L |
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© ExampLe V
6 NC ‘ Nd NF v
Prism 1 17.0 1.50727 1.50970 1.51518 64.4
Prism 2 17.78 1.61546 1.62049 1.63258 36.2
Prism 3 2.0 1.50727 1.50970 1.51518 64.4
Prism 4 1.6 1.50727 1.50970 1.51518 64.4
Prism 5 .13 1.61546 1.62049 1.63258 35.2
Prism 6 4.6 1.50727' 1.50970 1.51518 61.4
i 4 M
+34.0 +83.7 . 1.96
+27.3 +64.4 1.47
+22.5 +49.5 1.29
— 3.0 +1.0 102
—53.6 —76.0 .64
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colour correction, but also good oblique colour
correction is maintained throughout the
magnification range:

“Fhe anamorphotic system according to the
jnvention is primarily intended for usc in front
of a main obijective, with a collimating lens
system in front of the anamorphotic system in
order to collimate the rays passing through the
system. If the system is used for the projection
on to a screen of a laterally compressed image
on a cinematograph film, the film is located at

the short conjugate plane on the rear side of .-iotic system whose prism

the main objective and the system will act to
broaden out the laterally compressed film
image to give a screen image in its normal
undistorted ympurtinns. If on the cther hand,
the system is used for photographing a broad
panoramic scene on to a cinematograph film,
the scene to be photographed will lic in the
peighbourhood of the long conjugate plane in
front of the system and the film in the short
conjugate plane, and the system will act to

‘Léamington Spa: Printed for Her M,
Published at The Patent Office,

765,775

esty's Stationery 0
suthampton Buildings, London, W.C.2, from which

copics may be obtained.

13

s

produce on the film a laterally compressed
image of the same, suitable for subsequent
projection in the manner just described to pro-
duce a screen image in the original propor-
tions of the panoramic scene.

The anamorphotic system according to the
invention is also suitable for usc, in the
manner forming the subject of the. present
applicants’ copending British. Patent Applica-
tion No. 10749 of 1954 (Scrial No. 747,228),
in copiunction with a sccond similar anamor-

generators” lie at
right angles to those of the first system, in
cooperation with the main objective and a col-
limating lens system, to increase the effective
angular ficld of the objective for wide angle
work. In such casc, the prisms may be fixed
in position, or alternatively, the two systems
may be adjustable to give variable magnifica-
tions in the two operative planes.
A. F. PULLINGER,
Agent for the Applicants.

ice, by the Conrier Press.—1957
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Improvements in or relating to Variable Magnification Optical Systems. g § &

N ge

We, W. Watson & Sons LIMITED, u positive lenses being constrained to main- 45 H e
British Company, of 313 High Hotborn, tain a constant axial distance between them ! a
London, W.C.1, and HaroLo Horace Hor- during their axial movement, and, in com- ' “
E

o

&

KINS, a British Subject, of the Company’s
address, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement: —

The invention relates to variable magni-
fication optical systems of the kind (herein-
after referred to as the kind described) which
may be used alone or in conjunction with
a further optical system (e.g. the lens system
of a camera) to produce an image of con-
tinuously variable size of an object at a
fixed distance from the system.  Such a
system may be used for example in or with
a stationary cine camera or television trans-
mitting camera in order continuously to in-
crease or decrease the size of the image, on
the film or other image receiving device, of
objects in the scene towards which the
camera is directed and thereby to give ‘the
impression when the film is produced, or the
television receiver is viewed, that the view-
point approaches or recedes from objects in
the;_scen:.

of variable optical

y systems of the kind described are described
and claimed in Specifications Nos. 639,610,
639,611, 639,612, 646,409, 685,945, 722,325
and 713,024,

It is an object of the, invention to provide
an improved variable magnification optical
system of the kind described.

The invention provides a variable magni-
fication optical system comprising two posi-
tive (convergent) lenses and a negative (diver-
gent) lens, all arranged on a common optical
axis with the two lenses spaced apart, and
the negative lens between the two positive
lenses and spaced from at least one of them,

_ the lenses being movable axially and the
[Price 3s. 0d.]

bination with the lenses, magnification vary- 1

ing means for continuously and simultane-
ously moving the two positive lenses and
the negative lens along the optical axis rela-
tive to a stationary base or like support
according to a law such that the distance
from a fixed point on the base at which the
image of an object at a fixed distance from
the said fixed point on the base is accurately
focused remains constant while the size of
the said image is continuously varied dur-
ing the operation of the magnification vary-
ing means, the distance between the image
position for the rear one of the said positive
lenses and the corresponding conjugate ob-
ject position for the other of the said posi-
tive lenses being finite and not greater
numerically than a small multiple of (e.g.
10 times, or more preferably 7 times) the
focal length of either of the said positive
lenses, This last mentioned condition en-
sures that the object distance for the front
movable, positive lens and the image distance
for the rear movable positive lens are both
finite, and consequently the individual mag-
nifications produced by each of “the said
positive lenses change” as the positions of
these lenses are changed by the operation
of the magnification varying means.

It will be appreciated that when the system
includes one or more lenses interposed be-
tween the rear onc of the said positive lenses
and the final image position for the system,
the said image position for that rear onc of
the said positive lenses will be the position of
the intermediate real or virtual image formed
by that rear positive lens, otherwise it will be
the position of the, final image for the system.
Similarly, when the system includes one or
more lenses interposed between the other
(front) one of the said positive lenses and the
actual object position the said conjugate
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ject positioa for the front one of the said
¢ lenses will be the intermediate real

rtual image which acts as the effective

object for that front positive lens, otherwisc
it will be the actual object position for the
system.

Furthermore the system is preferably
designed and uséd so that the magnifications
of the two movable positive lenses are of
like sign, preferably such that each movable
positive lens produces an inverted image of
the effective object for that lens. This pre-
ferred condition is satisfied if the object dis-
tance for the front movable positive lens is
negative in sign and numerically greater
than the focal length of the said front mov-
able positive lens, and the image distance
for the rear movable positive lens is positive
in sign and numerically greater than the
focal length of the said rear positive mov-
able lens, an object or image distance being
regarded hercin as negative or positive
according as the said object or image is in
front of or at the rear of the lens to which
it refers, When the magnifications of the
two movable positive lenses are so arranged
to be of like sign in any given position of
the said movable positive lenses, the said
magaifications change in such a manncr,
when the lenses are displaced as described
above, that they both increase together or
decrease together in numerical value (accord-
ing as the suid displacement of the movable
Ppositive lenses is in onc direction or the
other), and hence both act in the same sensc
so far as their effect in increasing or de-
creasing the size of the fixed final image 1s
concerned. When the movable positive
lenses are displaced relative to the base, by
the operation of the magnification varying
means, the movable negative lens is simul-
taneously displaced by the said magnifica-
tion varying means by an amount such tha
the distance from an object in a fixed posi

i
tion relative to the base to the image of that
object produced by the action of the two
movable positive lenses and the movable
negative lens taken together remdins con-
stant, There will be, in gencral, two posi-
tions of the movable negative lens for which
this condition is satisfied and to distinguish
between these two positions the movement
of the movable negative lens relative to that
of the movable positive lenses is preferably
arranged such that the ification of th

ing means, and this constitutes a valuable
preferred feature of the invention.

The ranges of movement of the lenses are
preferably such that the maximum and mini-
mum magnifications of the system are reci- 70
procals one of the other. This is advan-
tageous in correcting the aberrations of
the system. The two movable positive lenses
preferably have equal focal lengths and the
movements of the threc movable lenses are 75
preferably such that during their range of
movements the position of the negative, lens
relative to the two positive lenses changes
from near one of the positive lenses (to give
one limit value of magnification) to near the go
other of the positive lenses (to give another
limit value of muagnifications, which limit
value is the reciprocal of the other limit
value). The focal lengths of the lenses of
the system are preferably such as to give 85
approximately equal amounts of positive and
negative power in the system.

The maximum distance through which it
is necessary for the negative lens to be moved
has been found to depend upon the value of 90
the said constant axial distance between the
two positive lenses, It has been found that
the necessary displacement of the ncgative
Iens, relative to a fixed point on the base, in
in one sense for small values of the constant 95
axial distance between the two positive
lenses and is in the opposite sense for suit-
able larger values of that constant distance.

To simplify the mechanical design of the
magnification varying means the value of the 100
constant axial distance between the two posi-
tive lenses may be chosen so that the dis-
tance throi which the negative lens has to
be moved is at a minimum or at least is
small. To satisfy other conditions, however, 105
(e.g. correction of aberrations) it may be
desirable to employ u different constant axial
distance between the positive lenses and con-
sequently to move the negative lens through
a larger distance, It has been found that 110
an increasz in the value of the constant 2xi
distance between the two positive lenses
results jn it being necessary to move those
lenses through a smaller distance relative
to the base to achicve any given range of 115
magnification, and that, alternatively, move-
ment of the positive lenses through the same
distance provides a greater range of
magnification.
I HHon.

movable negative lens increases or decreases
numerically according as the magnifications
of the movable positive lenses increase or de-
crease in numerical value. The individual
magnifications of all the three movable lenses
then simultancously and continuously in-
crease or decrease in numerical value as the
positions of the said three movable lenses
are simultaneously and continuously varied
by the operation of the magnification vary-

a with any given focal length 120
for the negative lens, the positive lenses may
have any of a range of focul lengths. An
increase in the value -of the focul lengths of
the positive lenses enables a greater range
of magnification to be achicved.

In the system of the present invention the
individual magnifications of all of the three
movable lenses chunge in one and the same
direction when the magnification varying
means are operated to change the magnifica- 130

125

.

tion of the complete system, - Consequenty
the three lenses all contribute in the same
sense the desired change in magnification.
The invention cnables very large varia-
5 tions of magnification to be”obtained with:
out the overall fength of the' system being

excessive. Ty, corr
The system may include two fixed or st

tionary lenscs positioned on the optical 2

10 respectively optically before- and after the

three movable lenses. - The statiouary lenses
may be both of the sume sign and. are pre-
ferably both positive lenses. - They are pre-
ferably of equal focal length and symmetric-
15 ally positioned about the mid-positian of the
three movable lenses,  The inclusion of
such a pair of fixed positive leases increases
the overall length of the system but
facilitates the carrection of aberrations. The

20 cffect of the fixed lenses is to increase the -

angle of rays of the axial pancil, - thereby
affording the possibility of an increased rela:
tive aperture &wer F number) with the same
linear lens diameters, In this case by arrang-

25 ing that the power of the rear fixed. positive
lens is greater than that of the front fixed
positive lens the equivalent focal length. of
the system is reduced. B . ‘%
The ranges of movement of the movible

30 lenses are preferably such that at onel or
each, limit of their movements the movable
negative lens lies very close to on¢ of the
movable positive lenses, the criterion of
closeness being that the principal planes of

35 the movable negative lens'and the. adjacent
movable positive lens shall have a separa-
tion which is very small in comparison with
their focal lengths. A ‘fixed ot r}onm\ly
stationary lens, preferably <a” ncgative lens.

10 may be positioned optically in front of the
movable lenses and may bé adjustable along

the axis to focus the system for objects at
various distances from the bise. , This .nor-
mally stationary lens may ‘constitute. one of

15 the aforesaid two fixed or stationary lenses
or it may be provided instead of those twa
lenses. When the notmally stationary lens

is negative it may be of such focal Iéngth -

that when it is focused for an-infinite objoct
50 distance the position of the normally .sta-
tionary negative lons-is such’that it just per-
mits the full range of movement of the mov-
able positive lenses, with ‘arclearunce deter-
mined only by practical- considerations: “A
55 diaphragm stop for the system may be plac
in contact with the movable ncgative len
and when the whole systém is working in
its wide angle position thé separation be-
tween the normally stationary negative lens
60 and the front onc of the’ movable positive
lenses may be of the ;ordqr of the focal
length of the normally’ stationary negative
Jens. If the movable negative lensis in con-
tact with the positive lens nearest o the nor-
65 mally stationary negative lens, then the stop

e

I ——————

“position’-so_determined constitutes the exit

wupil for the normally stationary negative
{tns and, in consequence, the distance of the
eatrance pupil for this lens will be at 2 dis-
tance rearwardly of it of the order of half 70
its [acal length, and this means that the n-
cidence heights for the principal rays are
sinall for a lens of this kind and hence pet-
it the use of a large angle field. This is ot
importince in cortecting the aberrations.

A specific example of a system e_mbody-
ing the invention will now be described by
way of example and with reference to the
grawing _accompanying the Pro_wsmna! 0
Specification, in which the single Figure,
*Figore 1, is a diagrammatic longitudinal
section showing the optical arrangement of
the system: X
and {he drawings accompanying the present
Specification, in which: X .

Figure 2 is a longitudinal sectional view
of the system. taken on the line 2—2 of

Figure 3;
ij %’iu?m: Jisa sec\éonnl view taken on the

ine 3—3 of Figure 2
lm;’igum 4is aggruph showing the movement
of the movable negative lens relative to the

se: and
ey gure 5 shows ray paths through the
system. .

In this cxample the system comprises
normally stationary negative lens 11, two
movable positive lenses 12, 13 and a mov-
able nesative lens 14, An image receiver,
c.g. a film. is placed at 15, The movable 100
positive lenses 12, 13 are rigidly mounted on
a cafriage 16, which maintains them at a
constant_ axial distance apart.

“Fhe lenses are housed in a casing 17 hav--
.ing a base 18. The carriage 16 has whecls 105
19 which run on rails 21 secured to the cas-
ing 17, and the can is_propclled_ along
the rails by a taut driving wire 22 Wh!’Ch 11,“5
its ends attached to the carriage at 2. 24,
Therwire 22 passes over guide pulleys 25 110
and is wound several times around a drem
36. The drum may be rotated in cither
direction by a_control knob 27._thercby to
drive the carriage along the rails and O
move axially the two tive lenses 12, 13. 116

A block 31 secured rigidly to the base
18 provides a stationary bearing for a vert-
ical shaft 32 carrying for rotation together
with it a gear wheel 33 and a cam 34, The

gear wheel 33 meshes with a rack 35 carried 120

by the carringe 16 and rigidly suspended
Dencath it by brackets 36, Thus, as the car-
riaze moves along the rails the engagement
between the gear wheel 33 and the rack 35

causes the cam 34 to rotate, its angular posi- 125

tion at any instant being determined by the

position of the carriage along the length of

the rails. ) ) i
The movable negative lens 14 is carried

by a stide 37 which is guided for movement 130

g

Declassified in Part - Sanitized Copy Approved for Releése@12/10/18 - CIA-RDP79B00873A000800010045-7




El

-
=3

-
o

20

2:

S

‘60

Declassified in Part - Sanitized Copy Approved for Release 2012/10/18 : CIA-RDP79B00873A000800010045-7

760,588

parallel to the axial direction of the Iznses
by suitable shapsd parls 38 formed at the
upper end of the block 31. The slide 37 has
a downwardly projecting pin 39 which en-
gages with the periphery of the cam 34, the
slide 37 being urged by a spring (not shown)
to maintain the pin 39 in contact with the
cam. As the cam rotates the slide 37, and
consequently the negative lens 14, are moved
axially in accordance with the required law.
Thus manual rotatioa of the control knob
27 moves the three lenses 12, 13, 14 in the
required manner.

The law of movement of the movable
fenses in this example is as indicated in the
following table which shows the variation in
the -axial distances d,, d.. dy and d,:—

F d, d, d, d, d +d;

80 00 17352 83132
75 05 17014 81528
70 10 16.631 80363
65 15 16198 7.9684
60 20 15715 79524
55 25 15178 7.9883
50 30 14595 8072
45 35 13974 8192
40 40 13333 8333
5 35 45 12692 8474
50916 5595 3.0 50 12072 8595
3.8815 6178 2.5 5.5 114883 8.678
30000 6715 20 60 109524 8715
3549 7.198 15 6.5 104684 8.698
187839 7631 10 70 100363 8.631
152172 8014 05 75 9.6528 8514
1.25100. 8.352 00 80 93132 8.352

The lenses have the following focal
lengths:—
Lens Focal Length

11 -9
12 +5
13 +5
14 -2

The above dimensions are expressed in
inches.

The first table given above includes the
value of the focal length of system for each
of the listed positions in the movements of
movable lenses, It will be seen that the
ratio of the maximum to the minimum focal
length (and consequently the ratio of the

i to the mini i ion) it

about 50 : 1. The overall fength of the
system is only of the order of one third of
the maximum focal length thereof.

It may be seen from the above table that
in this example the movement of the mov-
able negative lens relative to a fixed point
on the basc, which movement is determined
by the variation in the numerical sum of the
distances d, and d, is small. The variation

of the sum (d, < ;) with the distance d, is
shown in the above first table and is also
shown graphically in Figure 4. That data
defines the shape of the cam 34.

Figure 5 shows the paths of rays 41 which (]
reach the system, parallel to the axis, from
the object which in this example is at in-
finity i.e. a very large distance away, and
a ray 42 from the object, which ray reaches
the system at an angle of about 5 degrees te K
the axis.

The lens 11 forms a virtual image at its
focus 43 and that virlual image serves as the
effective object for the front positive lens
12, The axial distance between the point 75
43 and the image receiver 15 is 34.67 inches.

i.e. just under seven times the focal length
of each of the positive lenses 12, 13.

The lenses are shown merely diagram-
matically in the drawings and the distances 80
given in the above first table are calculated
from the simplified theory of thin lenses. The
lenses are cach individually corrected for
chromatic aberrations and each of them may
comprise two or more component lenses 85
cemanied together or spaced apart by a fixed
distance or having a combination of cement-
ing and fixed spacing.

The field curvature may be readily made
small as the absolute powers of the lenses 90
have an algebraic sum which is small. As
the changes in magnification of the complete
system are contributed to substantially
equally by the three movable lenses respec-
tively the correction of the other aberrations 9%
is facilitated.

The system of this example may be em-
ployed in conjunction with a television trans-
mitting camera, a cine camera or the like
but it may alternatively be employed, for 100
example, as a variable focal length projec-
tion lens for a film projector.

The invention is not restricted to the de-
tails of the foregoing example, For instance
the three movable Fenses may be employed 105
alone, or with a pair of stationary positive
or negative lenses optically before and after
them, to provide a symmetrical system of
variable power working about a mcan
magnification of minus 1, which system is 110
suitable for lenses of the kind known as
process lenses,

What we claim is:—

1. A variable magnification optical
system comprising two positive (convergent) 115
lenses and a negative (divergent) lens, all
arranged on a common optical axis with the
two positive lenses spaced apart, and the
negative lens between the two positive lenses
and spaced from at least one of them, the 120
said lenses being movable axially and the
positive lenses being constrained to main-
tain a constant nxidi’ distance between them
during their axial movement, and. in com-

760,588

bination with the lenses, magnification vary-
ing means for continuously and simultanc-
ously moving the two positive Tenses and the
negative lens along the optical axis relative

5 to a stationary base or like support accord-
ing to a taw such that the distance from a
fixed point on the basc at which the image
of an object at a fixed distance from the said
fixed point on the base is accurately focused

10 remains constant while the size of the said
image is continously varied during the oper-
ation of the magnification varying means, the
distance between the image position for the
rear one of the said positive lenses and the

16 corresponding conjugate object position for
the other of the said positive lenses being
finite and not greater numerically than 2
small multiple of the focal length of either of
the said positive lenses.

20 2. A -vatiable magnification optical

system as claimed in Claim 1, in which the

object distance for the front one of the said
positive lenses is negative in sign (as here-
inbefore defined) and numerically greater
than the focal length of that rear positive

Jens, and the image distance for the rear

one of the said positive leases is positive in

sign (as hercinbefore defined) and numeric-
ally greater than the focal length of that
front positive lens.

3, A variable magnification optical
system as claimed in Claim 1 ot Claim 2, in
which the movement of said negative lens
relative to that of the said positive lenses is
35 such that the magnification of the said nega-

tive, lens increases or decreases numerically
according as the magnifications of the said
positive  lenses increasc or decrease in
numerical value.

40 4. A variable magnification optical
system as claimed in any one of the preced-
ing claims, in which the ranges of movement
of the said threc lenses are such that the
maximum and minimum magnification of

45 the system are reciprocals one of the other.

5. A variable magnification optical
system as claimed in any one of the pre-

2

S

3

3

ceding claims, in which the said two posi-

tive lenses have equal focal lengths.

50 6. A variable magnification optical

system as claimed in Claims 4 and 5 in
which the movements of the said three lenses
are such that during their range of move-
ments the position of the negative lens rela-
tive to the two positive lenscs changes from
near one of the positive lenses (to give one
limit value of magnification) to near the other
of the positive lenses (to give another limit
value of magnification, which limit value is
60 the reciprocal of the other limit).

&

5 O e

i
¢

-

7. A variable magnification _optlcal
system as claimed in Claim 6, in which the
ranges of movement of the mo_vaple lenses
are such that at one, of each limit of their
movements the said negative lens ligs- very 6%
close to one of the said positive lcns_es,_the
criterion of closeness being that the principal
plancs of the said ncgative lens and the aﬁ-
Jacent positive lens have a separation which

is very small in comparison with their focal 70
fengths.

8. A variable magnification optical
sysicm as claimed in any one of the r._rcccd-
ing claims, including two fixed of stationary .
lenses positioned on the optical axis, respee- 5
tively optically before and after the said
three movable lenses.

9. A variable magnification _oplicul
system as claimed in Claim 8, in which the
stationary lenses arc both positive lenses, are 8
of equal focal length and are sy{nmcmcally
positioned about the mid-position of the
threc movable lenses.

10. A variable magnification optical
system as claimed in any one of Claims Lo 85
7, in which a fixed or stationary lens is posi-
tioned optically in front of the three movable
lenses.

11. A variable magnification optical
systen as claimed in Claim 10, in which the 90
said fixed or stationary lens is a negative
lens. .

12. A variable magnification optical
system as claimed in Claim 10 or Claim 11,
in which the said stationary lens is adjusts 99
able along the axis to focus the system for
objects at various distances from the base.

13. A variable magnification optical
system as claimed in Claim 11 or Claim 12.
in which the said stationary lens is of such 100
focal length that when it is focused for an
infinitc object distance the position of that
stationary lens is such that it just permits
the full range of movement of the movable _
positive lenses. 105

14. A variable magaification optical
system substantially ‘as hereinbefore des-
cribed with reference to, and illustrated in.
the drawing accompanying the Provisional
Specification and the drawings accompany-
1ng the present Specification.

110

BOULT. WADE & TENNANT.
11 & 112, Hatton Garden, London, EC.1.
Chartered Patent Agents.
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i movement of the movable negative l&ins rela- lhmngh{(hu szm];: d|l§tc:\nncc provides a greater
. i tive to that of the movable positive lenses is  runge of magnification. .
PROVISIONAL SPECIFICATION i pr:ferubly arranged such th:[\’t the m; In conjunction with any gnyqn‘focal‘len?lh
i {ion' of the movable_negative lens fot the negalive ens, the positve lenees may
Tmprovements in or relating to Variable Magnification Optical Systems. : 3 or de%rcuqcs n;lmhcrically Q‘lccm ng s the ::c\rc ua;:clyinoft 2 ::?ug: I mo;.flme]n]gc e ot
- i miagnification of lwc movable px ~”,\' Ci1ses case v s ables a_greater range
We, W. WaATSON & Sons LiMiTED, a ation varying means, the distance between increase. %r clicc"?\sp( fr:i():“fg?fﬂl]cl‘\"hc‘{‘}z:‘& g;cn{‘;;r“‘ig;\t]iz“‘_"e‘i i:‘e acﬁicvcﬁ.
British Company, of 313 High Holborn, the said fixed object point and the constant The '”“li‘“ ual r&d:m-"c:xlt'lnscougly and con-  Tn the system of the present invention the
London, W.C.1. and Haroio Homace Hor-  imags 0 produced being finite and not 60 L e o s ox. decrease in_numerical  individual magnifications of all of the threc
KINS, a British Subject, of the Company’s greater numerically than a small multiple of tinuously increase ol f“" : %aid three mov- lenses change i onc and the same direction
5 address, do hereby declare this invention to  the. £zcal length of either of the said mov- value as the P"“!“’"? o cons] and continu.  when the magnification varying means are
be described in the following statement:— @ble positive (convergent) lenses. This con- ablg lenscs are snlr|nu “\m.?h Y i he magni- operated to change the magnification of the
dition ensures that the object distance for ously varied by the operatian of the Tiw letc system. ly the threz
The invention relates to variable magnifi-  the front movable positive lens and the image 65 fication varying meaf“:h “?“V:“;i‘m‘ lenses all contribute in the same sense the
cation optical systems of the Kkind (herein- distance for the rear movable positive lens are 15 a valuable feature of the ¢ of the fenscs arc. desired change in magnification.
after referred to as the kind described) may  both finite, and consequently the individual ._ The ranges I?f R‘o‘(]e‘mer:a;gmum and mini-  The invention enables very large varia-
10 be used alone or in junction with a ifications prod by each of the said prefemb‘ly S“}Cr“";t ? the system are reci- tions of magnification to be obtained with-
further optical system (e.g. the lens system movable positive lenses change as the posi- mum magni ‘de!‘O S‘ho Tk.\i)s is advantage-  out the overall length of the system being ex-
of a camera) to produce an image of continu- tions of these lenses are changed by the 70 ., brocals one of the oucr. aberations of the cessive.
ously variable size of an object at a fixed operation of the magnification varying 20 ous in corrfcﬂng ne "\bl‘ ositive lenses The system may include two fixed or sta-
distance from the system. Such a system means. Furthermore the magnifications of system, The two n‘logdc-i'lgnn{hscund he tionaty lenses positioned respectively on the
15 may be used for example in or with a the two movable positive lenses are arranged preferably _}‘“;’9 }fq‘:ﬁ o d\u\abla- Yensos are  optical axis, respectively optically before and
stationary cine camera or television trans- to be of like sign preferably such that each movements of h‘ eh4 trzei?xr?nc theLir neof after the threc movable lenses. The fixed
mitting camera in order continuously to in- movable positive lens produces an inverted 75 preferably 5:“5 4 ‘El'o of the ncg'llive: lens lenscs may be both the same sign and ate
crease or decrease the size of the image, on  image of the object for that lens. This pre- movements he ‘l’os' g “sitiv Yonscs changes preferably both positive lenses, ~ They are
the film or other image receiving device, of ferred condition is satisfied if the object dis- relative to the o PO itive lenses (to give  proferably of equal focal length and sym-
20 objects in the scenc towards which the tance for the front movable positive lens is from near ‘,’{m Or c [’ﬁﬂca(ion) to near the metrically positioned about the mid posi-
camera is directed and thereby to give the ncgative in sign and numerically greater than °"‘e l\mel ;" ue C‘;ﬁ:vmi;nscs (t0 give another tion of the three movable lenses. The in-
impression when the film is projected, or the focal length of the said front movable 30 50 Soher o e oS Niication, ehich limit clusion of such a pair of fixed positive lenses
the television receiver is viewed. that the rositive lens, and the image distance for the 30 limit value o ol §£ the other limit value).  incroases the overall length of the system but
view-point approaches or recedes from  rear movable positive lens is positive in sign Vel ﬁupr&c(\ f the lenses of the syslem; facilitates the correction of aberrations. The
25 objects in the sconc. and numerically greater than the focal length N focfa i?g s\f‘?\ useto ive apProximalcly efiect of the fixed lenscs is to increase !,hc
of variable magoi optical of the said rear positive movable lens. an are preferably sucht a5 10 Bl DO ative angle of fays of the axial pencil, thereby
systems of the kind described are described object or image distance being regarded as 85 as  SQua _amf}:]un S (o p © b affording the possibility of an increased
and claimed in Specifications Nos. 639.610. negative or positive according as the said 35 power in the system, rough which it ve aperture (lower F number) with the
639,611, 639,612, 646,409, 685945 and Gbject or image is in front of or at the rear e X O eative. Jens to be  same lincar lens diametors. Tn this case by
30 21425/51. of the lens tc which it refers. When the s “Cécss'“yb\ lgo“f,d 10 d(‘:pend upon the atranging that the power of the rear fixed
It is an object of the invention 10 provide magnifications of the two movable positive B fh’:ﬁ eaid constant axial distance be-  positive Jens is greater thn that of the front
an improved variable magnification optical lenses are so arranged to be of like sign in 90 o olh : e osiﬁ.v(‘: lenses. It has been  fixed positive lens the cquivaleat focal length
system of the kind described. any given position of the said movable posi- A ‘tw“g et the r&msn,y displacement of the  of the system is reduced by a factor which
The invention provides, in one of its tive lenses, the said magnifications change in ounl_ ¢ lens, relative 10 a fixed point on the s greater than the reduction of the over-
35 aspects, a variable magnification optical such a manner, when those lenscs arc dis- gegg lj«,_: one sense for small values of the all length and, in consequence, as stated
system comprising two movable positive placed as described above, that they both -t {.Is,‘ _m‘edi co between the two posi-  above the advantage of great reduction of
(convergent) lenses and movable negutive increase together or decrease together in 95 5 ‘-onsl‘msé‘xﬂ"d in the opposite sense for  overall length is lost. 1t remains, however.
(divergent) lens, all arranged on a common numerical value (according as the said di . B :“}'\i\,:l: ];r er values of th:\l constant dis-  that when a large range of nu_gmlm“}ununs
optical axis with the two positive lenses placement of the movable positive lenses is tanc. Togsim lify the mechanical design — cc fated that ad ge 1S
40 spaced apart, and the negative lens befween one direction or the other), and hence :f" :i.\e mmn;ﬁ‘lmim Lv;“'yinlv means the und this is of considerable advantage to the
the two positive lenses and spaced from at  both act in the same sense so far as their value of ",;m“s‘,‘m axial distance between  designer.
least one of them, the lenses being movable  effect in increasing or decreasing the size of 100 50 the two positive lenscs may be chosen so The ranges of movement of the movable
axially and the positive lenses being con- the fixed final image is concerned. When : th,c‘t the (ﬁwmce through which the negative lenses are preferubly such that at onc, of
_ strained to maintain a constant axial distance the movablc positive lenses are displaced h ;\s has to he moved i at o minimum or at  each, limit of their movements the movable
45 between them during their axial movement, relative to the base, by the operation of the \:\sl is small. To satisfy other conditions, negative lens lies very close to one of the
and in combination with the lenses, magnifi-  magnification varying” means, thc movable ! ‘wevcr. (c. g‘ correction of aberrations) it movable positive lens, the criterion of close-
cation varying means for continuously and negative lens is simultaneously displaced by 105 53 1::-‘1 be desirable to cmploy a different con-  ness being that the pm\clp‘:ﬂ planes of the
simultaneously moving the two positive the said magnification varying means by un ) st;\xl axial disﬁmce between the positive  movable negative lens and the adjacent mov-
lenses and the negative lens along the amount such that the distance from an object Tenses and consequently to move the negative  able positive lens shall have a separation
30 optical axis relative to a stationary base or in a fixed position relative to the base to the lens 1h‘mugh a larger distance. It has been  which is very small in comparison with their
like support according to a law such that image of that object produced by the action found that an increase in the value of the focal longths. A fixed or n‘onmlly sta-
the distance from a fixed point on the base of the two movable positive lenses and the 110 50 constant axial distance between the two posi-  tionary lens, preferably a negative lens, may
at which the image of an object at a fixed movuble negative lens taken together re- tive lenses results in it being necessary to  be positioned optically in front of the mov-
distance from the said point on the base is mains constant. There will be, in general, H ove those lenses through a smaller distance  able lenses and may be adjustable along the
55 accurately focused remains constant while two positions of the movable negative lens 3 ml' tivi to the base to achieve any given axis to focus the system for objects at vari-
the size of the said image is continuously for which this condition is satisfied and to i :::e eof magnification, and that, alterna- ous distances from the base. The normally
varied during the of the magnifi distinguish between these two positions the 116 o5 ﬁvﬁy, movement of the positive lenses . stationary negative lens may be of such
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focal length that when it is focused for an
infinite object the position of the normally
stationary negative lens is such that it just
permits the full range of movement of the

The fenses  have | the | following  focat
lengths: - e e
: i, - = Lens - Focal Length

movable positive lenses, with a

determined only by practical considerations.

A diaphragm stop for the system may be
placed in contact with the movable neg }
fens and when the whole system is working
in its wide angle position the separati
tween the normally stationary nef
and the front one of the movable positive

fenses may be of the order of the focal-

length of the normally stationary negative
lens. If the movable negative lens is in con-
tact with the positive lens nearest to the
normally stationary regative lens, then the
stop position so determined constitutes the
exit pupil for the normally stationary negu-
tive lens ard, in consequence, the distance
of the entrance pupil for this lsns will be at
a distance rearwardly of it of the order of
half its focal length, and this menas that the
incidence heights for the principal rays are
small for a lens of this kind and hence per-
mit the use of a large angle field. This is
of importance in correc the aberrations.

spcific example of a system embody-
ing the invention will now be described by
way of example and with reference to the
accompanying drawing, which is a diagram-
matic  longitudinal section through. the
system.

In this example the system comprises a
normally. stationary negative lens 11, two
movable positive lenses 12, 13 and a mov-
able negative lens 14. An image recsiver,
eg. a film. is placed at 15. The movable
positive lenses 12, 13 are mounted in a cell or
carrier, indicated diagrammatically at 16,
which maintains them at a constant axial
distance apart.

The law of movement of the movable
Ienses in this example is as indicated in the

following table which shows the variation *

in the axial distances d,, d,, d; and d.:

F d, d, a; d,
64.746 03132 80 00 17.352
53.229 06528 75 05 17014
43.122 1.0363 70 1.0 16.631
34.395 1.4684 6.5 15 16.198
27.000 19524 60 20 15715
20.868 24883 55 25 15478
15.9087 3072 50 30 143595
12,0000 3.692 45 35 13974

9.0000 4333 40 40 13333
6.7500 4974 35 45 12,692
5.0916 5.595 30 30 12072
3.8815 6.178 25 55
3.0000 6.715 20 60
2.3549 7.198 15 65
1.87839  7.631 10 70
152172 8014 05 715
125100 8352 00 80

~~ - T e ey

T
R

B ER
14

are expressed in

‘The 2bove dimensicns
inches. . o

The first table given -above includes the
value of the focal length of system for each
of :the listed positions in the movements of
movable lenscs.. It will be seen that the
ratio of the maximum 1o the minimum focal
length (and consequently the ratio of the
maxigiun’ to the minih azni ion) is
abont 50 i 1. The overali length of the
systeni is only. of the.order of one third of
the -maximum focal length thereof.

" The necessary moverents-are imparted to
the - movable . lenses - by, any convenient
mechanical means.. such as appropriately
shaped cams operated by a single control
member: @ .

It may- be scen from the above table that
in thig example the movement of the mov-
able. negative lens relative to, a fixed point on
the base, Which movement is determined by
-the Variation in the numerical sum of the
distances d, and d. is small.

The lensss are shown merely diagram-
matically in the drawing and the distances
given in the above first table are calculated
from the simplified “theory of thin lenses.
The denses are each individually corrected

" for chromatic aberrations and each of them
may comprise two or more componcnt lenses

cemented togéther or spaced apart by u
fixed distance, or. having a combination of

ementing and- fixed spacing.

. The field curvature may Ue readily made
small as the. absolute powers of the lenses
have an-alZebraic sum_ which is small. As
the chinges in magnification of the complete
system “are contributed to  substantially

.egually by the three movable lenses respec- 1

- tively the carrection of the other aberrations
is fucilitated.

Thé-system. of this ¢xample may be em-
ployed in conjunction with a television trans-
-milting camera; a cine camera or the like but
it ‘may alternatively be employed, for
eXample, as a variable focal length projec-

“tion-tens for'a film projector,

The invention is not restricted to the de-
tails of the foregoing example, For instance
thé thréc movable fenses may be employed
alone, or ‘with a pitir of stationary positive
or negative lenses optically before and after
them, to provide a symmetrical system of

90
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120
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variable power working about a mean
magnification of minus 1, which system is
suitable for lenses of the kind known as pro-
cess lenses.

5 The system may include any relevant fea-

tures described in any of the hereinbefore
mentioned  Specifications.
BOULT, WADE & TENNANT.
111 & 112, Hatton Garden. London, E.C.1.
Chartered Patent Agents.
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